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ABSTRACT 
Two common limpets, Collis~ (Acmaea) digitalis 
and Collisella (Acmaea) scabra have overlapping 
distributions in the upper int.ertidal .spray zone. 
Haven (1971) found that Q. digitalis is more 
abundant on vertical surfaces while Q. scabra domin-
ates horizontal surfaces. He assumed this preference 
to be due to differential abilities to withstand 
desiccation. In this study I report field work demon-
strating a high correlation between the-ratio of 
abundance of Q. digitalis/ Q. scabra and angle of 
slope of substrate. Length (mm) of Q. scabra declines 
linearly with angle, but Q. digitalis shows no such 
trends. Results of laboratory measurements of angle of 
substrate and small and large members of the species do 
not alone explain the size distribution and abundance 
relationships found be·tween the two species in the field .• 
Although resistance to desiccation may play a part in 
determining distribution and abundance, especially in the 
upper intertidal, it is clear that other factors may be 
important, such as food resources. Fecal pellets were 
used as a technique to study food resource partioning. 
Limpet size and abundance is related to the availability 
of microalgae on a particular slope of substrate. Diff-
erences in the amount of movement between the two species 
may be. related to time and distance traveled in foraging 
for food. The ratio of abundances of these limpets and 
its relation to substrate angle neees to be studied from 
the point of v.iew of competitive interactions with respect 
to food resource partioning, since these species seem to 
have tolerances to desiccation greatly exceeding environ-
mental stress conditions. 
--· 
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INTRODUCTION 
Two common limpets, Collisella (Acmaea) digitalis 
and Collisella (Acmaea) scabra have overlapping dis-
tribu·tions in the upper intertidal spray zone on rocky 
shores of the Northwest Pacific coast of North America. 
Haven (1971) found that g. digitalis is more abundant 
on vertical surfaces while Q. scabra dominates horizontal 
surfaces. He assumed this preference to be due to 
differential abilities to withstand desiccation which 
presumably varies with rock angle and perhaps the angle 
of incident light. However, a variety of factors can 
affect rates of desiccation including temperature, 
humidity, and windspeed (Wolcott, 1973) as well as 
color, roughness, orientation of substrate and wave 
exposm'e. In this study I report field work demon-
strating a high correlation between the ratios of 
abundance of g. digitalis and. Q. scabra and rock angle 
and the results of laboratory measurements of angle· 
of substrate and desiccation resistance of small and 
large members of the two species. The relationship 
between size and angle in the field is also discussed. 
It has been argued that one of the chief limiting 
factors at.fecting distributions of rocky intertidal 
biota is desiccation. There is, however, little 
evidence for this (Davies, 1969) and it remains to be 
demonstrated that physical conditions exceed physiological 
tolerances of the biota such that they are limiting 
(Wolcott, 1973). Extensive experimental evidence 
shows that population characteristics and abundances 
of intertidal organisms are strongly influenced by 
biological interactions (Connell, 1972; Dayton, 1971, 
1975; Paine, 1969 and others). One of the least 
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studied aspects of Collisella (Acmaea) competition is 
food resource allocation. Fecal pellets of c. scabra 
and c. digitalis reposing on different substrate angles 
were examined as an estimation of microalgal food 
selection. Algal cover was estimated on the rocks to 
determine what food is available to the limpets. Move-
ment was studied in the two species on different angles 
of substrate since the amount of movement may be 
related to distance covered when foraging for food. The 
significance of all results is discussed with respect.to 
allocation of space and food resources in competition 
between these two species of limpets. 
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ANGLE OF SUBSTRATE AND ABUNDANCE 
The relationship between the angle of slope of the 
substrate and abundance of c. digitalis and g. scabra 
was measured on 17 intertidal rock habitats in Zone 1 
(Ricketts and Calvin, 1968) in a locality at Dillon 
Beach, California. Each rock was partitioned into 
quadrats using a 0,25 m2 grid. Grid corners were 
marked with paint at each sampling time. The entire 
surface of each rock was covered with as many quadrats 
as would fit. The angle of each quadrat was measured 
to the nearest·degree using a Brunton pocket transit 
attached to a board placed flat on each quadrat, Every 
limpet on each quadrat was measured and counted in situ._ 
Limpet lengths were measured to the nearest 0.5 mm-by 
vernier calipers. Counts and measurements were made 
a·~ 4 to 6 week intervals from April 1974 to May 1975. 
A significant linear relationship between the 
ratios of abundances of g. digitalis and g. scabra 
was found when the logarithm of the ratio 
((( no. digitalis) / ( no. scabra)) + 1 ) 
was plotted against angle of the quadrat (Fig. 1). The 
results shown are mean ratios pooled over rocks and 
quadrats at 5 degree angle increments. One is added to 
the ratio to include data in which g. digitalis is 
absent and for which the logarithm of the ratio would 
otherwise not exist. The results in Fig. 1 are typical 
for the entire period of study. The analysis of 
regressions for the entire period of study is summarized 
in Table 1 which shows that all the results are highly 
significant. Slopes of regressions did not change with 
time as shown in Fig. 2 where it is indicated that the 
95 % confidence limi tl!l Of slopes all include .the average 
~ 
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Fig. 1, Example ef the relationship of abundance of 
£. digitalis and Q. scabra to angle of 
substrate. Statistical analysis of regressions 
fitted to the data for all seasons is 
summarized in Table 1. 
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Table 1. 
Summary of statistical analysis of regressions fitted 
to abundance and angle data for each sampling month. _ 
For each month, r is highly significant. Note that 
regression equations are in the form 
Y=a+bX 
where Y = log (Y + 1) 
a = log A 
b=B 
.. Moxrth . Regression Equation r p 
April 1974• . - y = -.035 + .OlOX .81 .001 
May 1974 y = -.073 + .onx· ~93 .001 
July 1974 y = ;...070 + .OllX .go .001 
August 1974 y = ..:.004 + .onx .89 .001 
October 1974 y = .026 + .OlOX .87 .001 
November 1974 y = .026 + .OllX .88 .001 
December 1974 y = .142 + .oosx • 71 
. 
.01 ') p),ool 
February 1975 -y = .076 + .OlOX .88 .001 
·11/larch 1975 y = .032 + .onx .90 .001 
Apri:i 1975 y = .093 + .oosx ·--- .82 .001 
May . 1975 y = .050 + .010X .71 .Ol)p/.001 
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Fig. 2. Changes in slopes of regressions relating 
ratios of £• digitalis / Q. scabra 
abundances and angle with time. Horizontal 
barg are slopes, vertical bars are 95 
percent t. 05 confidence limits. The 
hatched line represents average slope.for 
the entire study. Note that all confidence 
limits include the.average slope. 
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slope for the period of study. The results suggest that 
the ratio of Q. digitalis to Q. scabra gradually in-
creases with angle and that the slope of the relation-
ship does not change with time. 
The relationship between abundance and angle of 
substrate was examined for each species of limpet. A 
significant relationship be·tween abundance and angle 
was found when the logarithm of numbers of limpets 
per .25 m2 + 1 was plotted against angle at 5 degree 
increments for Q. digitalis and Q. scabra {Fig. 3). 
Abundance declines linearly with angle for Q. scabra 
while abundance increases linearly with angle for _Q • 
.§1s-italis. These results support Raven's (1971) 
findings that the abundance of Q. scabra and .Q. dig_1.talis 
vary on horizontal, intermediate and vertical slopes. 
llaven did not examine the relationship between· abundance 
and angle for the two species at 5 degree an.gle increments. 
The results in Fig. 3 are representative of the entire 
sampling period. The analysis of regressions for each 
month of study is-summariZed in Table 2 for Q• digitali! 
and in Table 3 for c. scabra. Fol· each month the results 
. . -
are significant for .Q. digitalis and Q • . scabra. The slopes 
of the regressions did not change with time as shown in 
Fig. 4. The 95 % confidence intervals include the average 
slope for Q. digitalis for each study month, The 95 % 
confidence limits include the average slope for .Q. scabra. 
The abundance and angle relationship is stable over time 
for both species. Q. digitalis and .Q. scabra abundances 
are .related to angle of slope of substrate. 
"' 
" 
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Fig. 3. Example of the relationship of abundance of 
C. digitalis and C. scabra to angle of sub-
- - -
strate. Abundance is expressed 
nUmbers-of limpets per .25m2• 
e~alysis of regressions-fitted 
in terms of 
Statistical 
to the data 
for all months. is summ.arized in 
for £. digitalis and in Table 3 
Table 2 
for £. sea bra. 
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Table 2 
Swnmary of statistical analysis of re.gressions fitted 
to abundance and angle data for .Q. •. digitalis for each 
sampling period. For each month r is significant. 
Note that regression equations are in the form 
where 
Month 
April 
May 
July 
August 
October 
November 
December 
February 
March 
April 
May 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1975 
1975 
1975 
1975 
Y=a+bX 
Y = log (Y + 1) 
a= log A 
b = log B 
Regression Equation 
Y = .OlX + .42 
Y = .OlX + • 36 
Y = .OlX + ,28 
y = .oosx + .55 
y ... oo8x + .61 
y = .oosx + .68 
Y = .006X + .88 
Y. = .ooax + .76 
y = .007X + .81 
y = .008X + ,66 
.. 
y = .oogx + •58 
~ . ' 
r 
.• 72 
.74 
.74 
.57 
.54 
• 57 
.55 
.67 
.55 
.58 
.. ~63 
----------------~-------------------------
p 
<.oo1 
I. .001 
(..001 
.02)p).Ol 
.02 )p )~01.· 
.02 > p ).01 . 
.~2 >p ).01 
.01)p ).001 
.02)p'f.Ol 
.o2)p).o1 
.01 )p f'·OOi 
. F' ---
~---------- ---
I 
b---·----
~-
-
'-- -- -------------
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Table 3 
Summary of statistical analysis of regressions fitted 
'to abundance and angle data for c. scabra for each 
- . 
sampling period. For each month r is significant. 
Note that regression equations are .in the form 
Y=a+bX 
where 
Mouth 
.... · .. 
April 1974 
Jliay 1974 
July 1974 
A:ugust 1974 
. October 1974 
·November 1974 
December 1974 
February 1975 
March 1975 
April 1975 
Ms:y 1975 
Y = log (Y + 1) 
a = log A 
b = log B 
Regression Equation 
Y = -.009X + 1.24 . 
Y = -.OlOX + 1.30 
'y = -.OlOX + 1.20 
y = -.009X + 1.17 
y = -.OlOX + 1.28 
y = -.oogx + 1.21 
y = -.ooax + 1.22 
Y = -.008X + 1. 20 
Y = -.OlOX + L28 
Y = -.ooax + 1.23 
Y = -.ooax + 1.22 
r 
-.73 
-.79 
-.78 
-. 73 
-.77 
-.75 
-.67 
.:. 6ff 
-.79 
-.67 
-.70 
p 
(. .001 
{. .001 
Coo1 
l. .001 
l. .001 
(.001 
.01 )p ).001 
.01)p).001 
.. ( .001 
.Ol)p).OOl 
.01.., p) .001 
~-------
" 
-
~----~·-----
-· ~ --
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Fig. 4. Changes in slopes of regressions relating 
abundances of~· digitalis and~· scabra 
and angle with time. Horizontal bars are 
slopes, vertical lines are 95 percent 
t. 05 confidence limits, horizontal lines 
tb.e average slope for the entire period of 
study. Solid lines represent .£• §.igitfflH! 
.and hatcf:;ed lines represent c. scabra. Note . - __ .. 
that all confidence limits for both species 
include the average slope. 
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SIZE AND ANGLE OF SUBSTRATE. 
-- --
-~·,..e~: Field measurements of the relationship of average. 
length (mm) and angle is shown for.£. digitalis and .£. 
scabra in Fig. 5. The results shown are mean lengths 
from size frequency distributions pooled over rocks 
and quadrats at 5 degree angle increments. The analysis 
of regressions for the entire study is summarized in Table 
4 for c. digitalis and in Table 5 for .£• scabra, Fig. 5 
is typical for 10 of the 11 study months. The correlation 
coefficient is not significant for.£. digitalis for each 
month except May 1975. The correlation coefficient is 
significant for c. scabra for each month except July 
1974. 
There is a significant relationship between length 
of c. scab~ and angle of substrate in the field. 
Average length declines linearly with angle. There is 
no significant relationship between length of.£. digitali~ 
and angle of substrate. Slopes of regressions of angle 
and length of limpet do not change with time as shown 
in Fig. 6 for.£. digitalis and in Fig. 7 for.£. scabra 
where the 95 'f. confidence limits include the average 
slope for each species for the entire study period. The 
change in the Y intercept of average length and angle 
regressions is shown in Fig. 8 where the Y intercept 
is the average length of limpet at 0 degree angle. 
Except for 3 sampling periods (April, May and July 
1974) the. average length of Q. scabra is greater than 
the average length of Q. digitalis on 0 degree angles 
(horizontal slopes). 
------ ---- ---------
-
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·~ ....... ----_-_-_-----.-... 
;::::_--
-17-
Fig. 5. Example of the relationship of average length 
. (mm) of£. scabra and £. digitalis to angle 
of substrate for the month of April 1974. 
Statistical analysis of regressions fitted 
to the data for all sampling periods is 
summarized in Table 7 for£. digitali~ 
and in Table 8 for £. scabr~. 
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Table 4 
Summary of statistical analysis of regressions fitted to 
average size and angle data for each sampling period for 
£• digi ta1is. For each month, except May 1975, r is 
not significant. 
Months Regression Equation r p 
April 1974 y = 12.5 + -.004X -.07 .5<p.C.9 ns 
May 1974 y = 13.0 + -.013X -.25 ,2( p( .4 ns 
July 1974 y = 12.2 + -.006X -.18 .4( p ( .5 ns, 
August 1974 y = 11.4 + .004X .10 .5( p( •9 ns 
October 1974 y = 11.1 + .009X · .22 .2(p(.4ns 
November 1974 y = 11.2 + ,006X .15 .5 ( p < .9 ns 
December 1974 y = 11.4 + .006X .24 .2(p(.4 ns 
February 1975 y = 10.7 + .016X .41 · .1(p( .2 ns 
March 1975 y = 10.4 + .014X .46 .05(p(.1ns 
April 1975 y = 10.4 + ,016X .43 .05 (. p ( .1 ns 
May 1975 y = 10.8 + .018X .50 .02(p(.05* 
ns Not significant 
* 
Significant 
-~: 
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Table 5 
Swnmary of statistical analysis of regressions fitt.ed 
to average si~e and. angle data for each sampling .. period 
for £• scabra. For each month, exce.pt July 1974, r is 
significant. 
Month Regression Equation 
April· 1974 y = 12.2 
May 1974 y = 12.0 
July 1974 y = 11.5 
1tugust 1974 y = 11 • .8 
October 1974 y = 11.4 
November 1974 y = 11 • .8 
December 1974 y = 11.7 
February· 1975 y = 11.3 
March 1975 y = 10 • .8 
April 1975 y = 11.4 
May 1975 y = 11.6 
* .05 '> p) .02 significant 
** .01 '> p) .001 significant 
ns not significant 
+ -.026X 
+ -.016X 
+ -.014X 
+ -.021X 
+ -.019X 
+ -.025X 
+ -.019X 
+ -.015X 
+ -.011X 
+ -.019X 
+ -.Ol6X 
r p 
. -.69 .01 )p ).001 ** 
-.52 •05 )p).02 * 
-.45 .10) p) .05 ns 
-.55 .02)p).Ol * 
-.67 .01 ') p) .001 ** 
-.69 .01) ·P) .001 ** 
-.64 .Ol)p).OOl ** 
-.63 .Ol')p) .001 lH!· 
-.59 .02)p).Ol * 
-.64 .01 ') p) .001 ** 
-.54 .05)p).02 * 
~ ;; -----
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Changes in slopes of regressions 
average size and angle with time 
relating 
for c. 
-· 
. digitalis. Horizontal bars are slopes, 
vertical bars are 95 percent t. 05 confid-
ence limj.ts. The hatched line represents 
average slope for the entire study. Note 
that all confidence limits include the 
average slope. 
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Fig. 7. Changes in slopes of regressions relating 
average size and angle with time for £• 
scabra. Horizontal bars are slopes, vertical 
. bars are 95 percent t. 05 con~idence limits. 
T.he hatched line represents average slope 
for the entire study. Note that .all 
confidence limits include the average slope. 
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Fig. 8. C}lange inthe Y intercept of average size 
anA angle regressions over time. • re-
presents £. scabra, 0 represents .£. 
digitalis. 
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~-FREQUENCY DISTRIBUTIONS ~ ANGLE Q! SUBSTRATE 
Size-frequency distributions were pooled over rocks 
and quadrats at 15 degree angle increments for each 
study month and are represented in Appendix 1-6 
for g. scabra and in Appendix 7-12 for g. digitalis. 
Size-frequency distributions. for £• ecabra are stable 
over the sampling period for each angle grouping 
represented. More large (greater than 15.0 mm) g. scabra 
occur on 0-10° and 15-25° angle surfaces than on 
60-75° and 80-90° angle surfaces. ·~ize-frequency 
distributions for £• digitalis are stable with respect 
to time for each of the angle groupings. The size-
frequency distributions do not change with angle. 
g. scabra is larger than g. digitalis on 0-10° and 
15-25° angles and is smaller than£. digitalis on 45-55°, 
60-75° and 80-90° angles. C. scabra and £• digitalis 
are the same length on 30-40° angles. There were no 
small limpets less than .5 mm for each species for any 
month on any angle. 
8F-
t" __ _ 
;::;-
---- -------
L,., __ 
~-
'"---
"--
- -------- -------
-28-
ABUNDANCE;; 
The relationship of abundance and time is represent-
ed in Fig. 9 where the number of limpets per m2 is 
plotted for each sampling month for .Q• -;;;;.d;;::i""g::;ic..;;t.:.a;.;;;l;;;;i;.:;s and 
c. ~~~ Abundances were pooled over all rocks and 
rock angles for each month for each species. The· 
abundance of C. ~cabra did not change with time as shown 
in Fig. 9 where the 95 % confidence limits include the 
overall average abundance for each study mon·th. Only 
during the months of May and July 1974 did the 95 % 
confidence limits not include the average abundance for 
Q. digi taUs. The 95 % confidence limits for each 
species overlap in July and August 1974 indicating that 
abundances of the two species are clearly dis.tinct from 
October 1974 to May 1975 • .Q. digitalis is more. 
abundant than g .• acabra. 
l ~-
,;; --- -
'------
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Fig •. • g. Relationship of average density of all 
limpets counted during each sampling 
period. Horizontal bars are average 
densities, vertical lines are 95 percent 
t. 05 confidence limits, horizontal .. 
lines represent average density for the 
entire period. Solid lines represent 
Q. digitalis, hatched lines represent 
. .£. scabra. 
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SIZE 
-
The change in average length pooled over all rocks 
and rock angles is shown in Fig. 10 where the average 
length (mm) for each species is plotted for each 
sampling period. The monthly mean size of snail varies. 
The 95 % confidence limits do not include the overaJ.l 
mean length for each species. The months ofApril, 
May, July and December 1974 are above the mean length 
and the months of October 1974, March and April 1975 
are below the mean length for£. scabra. The months of 
August, November, and February include the overall mean 
length of £• scabra. 
The months of April, May, July, December and May 
1975 are above the overall mean length and the months 
of August, October 1974 and March, April 1975 are 
below the overall mean length for g. digitalis. November 
and February include the overall mean lengthllior 
c. digitalis. The overall mean length of g. digitalis 
is greater than the overall mean length of £• s.cabra. 
The 95 % confidence limits of the average length of the 
two species_ overlap in the months of July and August 1974 
only. 
r-,---
~--
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Fig. 10. Reprt;!sentation of average lengthof all 
limpets measured during each sampling 
period. Hori~ontal bars are average 
lengths, vertical bars are 95 percent 
t. 05 confidence intervals, horizontal 
lines represent average length for the 
entire period. Solid lines represent 
£. digitali~, hatched lines represent 
£. scab1~a. 
" =----· _ ____:::__ 
;...::-
~-·-
~- --
0 
• ~ 
I 
-33-
J 
-4--
I -+-
--+-:-- I . 
-t----
1 
I 
I 
-H--
-l-1 
-t--
-+- I . 
,-+-
1 
+-I 4 
t ' • 
-.......-.. --- j 
I 
I 
--t'r--· I 
1 -·f--
f - _j __ ~ 
0 
• 
.-4 
.-4 
0 
0 
• ~ 
~· 
0 
v 
"'---
tr 
. ~-· 
. 
-
~--- --- -- --
' [- ---
6 
:_; 
-
- --
,•·.;>.-·;l.--,-- -- - T ,. 
-34-
~-FREQUENCY DISTRIBUTIONS 
Size-frequency distributions pooled over rocks and 
rock angles for each month are {represented in Fig. 11 
for g. digitalis and in Fig. 12 for£. scabra. There 
were no small limpets less than .5 mm for each·species 
for any month • The size-frequency distributions for 
each species·are .stable over time, with the 9.0-11.0 mm: 
size class dominant for each species. 
Size-frequency distributions for each of the 17 
sampling rocks for each study month are not shovvn here due 
to space limitations. The data is available in the 
Library, I'acific Marine Station, Dillon Beach, California. 
The size-frequency distributions on each rock are stable 
:for each study month for each species. Large £. scabra 
(greater than 15.0 mm) are present on Rocks 2, 3, 4, 5, 6 
and 12. r.arge g. digitalis (greater than 15.0 mm)are 
prese~t on all rocks except Rocks 1, 2, 5 1 and 8. g. scabra 
is larger than g. digitalis on Rocks 2 and 3 only. The 
two species.have similar size distributions on Rocks 1, 5, 
4, 6, 11 and 12. No data could be obtained to account for 
the difference between rocks. Rocks are heterogenous in 
topography and distributions of other organisms. Time 
did not permit detailed quantitative description of the 
rocks .that might have provided data for te·sting a 
hypothesis about the differences in population structure 
of the two species of limpets. 
= 
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Fig. 11. Size-frequency distributions of g. digitalis 
for each sampling period. N is total 
number of limpets sampled for a particular 
month. 
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Fig. :12. Size-frequency distributions of .2: .. scabra 
for eEJ.ch sampling period. .N is total 
number of limpets sampled for a particular 
month. 
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ANGLE OF SUBSTRATE AND RATES OF DESICCATION 
- - -
The relationship between resistance to desiccation 
and angle of the substrate ef .Q• digitalis and.£. scabra 
was studied in experiments in which weight losses of 
limpets _of different size_placed on surfaces differing 
in angle in a desiccator were measured. These experiments_ 
test only the effect of angle on desiccation. -It was 
believed-that the angle at which a limpet sits could 
affect the rate at which water escapes by passing 
between the shell and substrate. 
Limpets were collected from vertical rock surfaces. 
A few animals were captured from variable rock surfaces 
due to the·absence of large c. scabra on vertical rocks. 
-The animals were removed with a knife on the first 
try only. Subsequent attempts resulted in crushed and 
broken shell edges. Only whole animals with intact shells 
·were used in the experiment. Limpets were brought back to 
the lab in small amounts of sea water. 
Limpets were dried in a glass desiccator with 
dried calcium chloride serving as a desiccant. Humidities 
were measured.with an Airguide Relative Humidity Indicator 
inserted into the desiccator. Humidity readings were made 
before the chamber was opened and after it was closed 
again during weigh:j.ngs. Relativ-e humidity varied from 
5 "'> to 48 % in the. experiments. Records of the room 
humidity were made by a sling psychrometer. These 
readings varied from 57 % to 74 %. 
The experimental animals were taken directly from the 
field or the water table (if kept overnight), placed in a 
plastic container with sea water and left to acclimatize 
for 15 minutes. The animals were placed on a microscope 
slide set in small plastic dishes. The smoothness of the 
F 
~---
·- . 
' ~~----:--:--:--:-: 
c 
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surface on which limpets are placed can affect desiccation 
(-Dr. Smith, personal communication). Under natural 
conditions mucous secretion on rough and porous surfaces 
seals the shell to the substrate. On smooth surfaces the. 
mucous runs off and this can increase rates of desiccation 
from evaporative water loss between the shell and substrate. 
No muceus rlinoff was observed during these experiments. 
Excess seawater from the shell was wiped off be-
fore the limpet was placed on the slide. The slides 
were oriented in three positions-0° (horizontal), 45° 
(intermediate sloped), and 90° (vertical). All limpets 
were initially oriented upwards on the 45°and 90° 
angle surfaces. A record was kept of any movements 
during weighing and any behavior thereafter. r.Iost 
limpets that were moving reoriented. themselves during 
the first hour of d.esiccation. Half of the moving 
limpets reoriented themselves in a downward position. 
Limp~t length was measured to the nearest 0.5 mm 
by vernier ctHipers. Weighings were made on a Mettler 
balance every hour for five hours. At the end of the 
experiment, the limpets were taken to the aquaria in the· 
water table and immersed in sea water to dislodge them 
from the microscope slides. Any dead limpets were 
recorded. Death was determined by the absence of any 
movements-of the cephalic tentacles, foot, body viscera, 
mantle-after a few illiiDersions in the water. Dead limpets 
were usually dried out completely and had a brown body 
.color. The size distributions of the limpets of both 
species used in t.he experiment were identical. 
Percent weight l.oss after 5 hours was calculated for 
each limpet as fo.llows: 
L 
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wti - wt5 f.. wt5 = ---------- where 
wti 
'I> wt5 = percent weight loss after 5 hours of drying 
= initial weight .(gm) of limpet 
= weight {gm) of limpet after 5 hours in desiccator 
., 
'fhree way analysis·of variance was used to test 
'I> weight loss after 5 hours of drying between species, 
angle and length of limpet (Table 6). The two size 
classes used were limpets between 7.0 and 10.0 mm and 
limpets between 12.5 and 15.5 mm. There is a significant 
difference of % weight loss after 5 hours between angle 
( .05) p) .025 ) • There is no significant difference 
in drying z·ate between species ( .50)p ).25 ). There is 
a highly significant difference in desiccation rate be-
tween the two size classes tested ( p(.OOl ). First 
order interactions (between 
angle and size; and between 
significant ( • 50) p). 25; 
angle and. species; between 
species and size) are not 
.10 ) P/. 05; p ) • 75 ) • 
'fhere is no significant second order interaction (between· 
angle, species and size), ( .25/p ).10 ) • 
Relationships between limp·et size and weight loss 
are summarize.d in Table 7, for limpets between 7.0 and 
17.0 mm. Results show that there is a negative correlation 
between % weight loss after 5 hours and length of limpet'· 
for c. ~bra at 0° and 45° angles and for Q. digitali~ 
at 0° and go0 angles. Larger animals have a lesser 
'I> weight loss than smaller animals, at these angles. 
'fhere is no significant correlation between % weight loss 
after 5 hours and size for Q• scabra on go0 angles and 
c. digitalis on 45° angles, over the size range tested. 
---------
'' 
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Table 6 
Summary of calculation of analysis of variance for 
desiccation experiments testing percentqge weight loss 
after 5 hours of small and. large.£. digitalis and .2· 
scabra at three different angles of slope. 
Source of degrees of 11iean 
Variation freedom Square 
Main Effects 
F 
A Angle 2 .0046 3.833 
. l 
.ts Species 1 
C Size 1 
First Order Interaction 
AxB 
(Angle x Species) 2 
A XC 
(Angle x Size) 2 
D X C 
(Species x Size) 1 
Second Order Interaction 
A X B XC 
(Angle x Species x Size) 2 
Error 
l"ii thin subgroups 48 
* .05) p) .025 significant 
*** p ( .001 highly significant 
ns not significant 
.0006 .500 
.0237 19.750 
.0011 .917 
.0031 2.583 
0 0 
.0024 2.00 
.0012 
* 
ns 
*** 
ns 
ns 
- .. 
.. 8--
ns !' 
ns 
-----
----------
- ---
. 
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Table 7 
Summary of statistical analysis of regressions showing 
. the relationship between percentage weight loss after 
5 hours and length of limpet for g. digitalis and 
C. scabra at 3 different angles, and all angles 
combined. 
Species and 
Angle Regression Equation r . df 
g. scabra 
0 y = .221 + -.oo8X -.42 18 
45 y = .164 + -.006X -.45 18 
·P 
< .05 
.05) p) .Ol 
90 y = .108 + -.OOlX -.07 18 ).05 ns 
g. !l~~~talis 
0 y = .231 + -.OlOX" 
45 y = .162 + -.006X 
90 y = · .191 + -.oo8x 
All angles 
combined 
~- scabra y = .274 + -.014X 
All angles 
combined 
Q. £t.gitalis y = .203 + -.oo8x · 
* .05) p..., .01 significant 
** . <:.01 highly significant 
ns not significant 
-.76 18 < .01 ** 
-.33 18 ) .05 ns 
-.50 l8 .05)p).Ol 
-.62 58 < .01 ** 
·-.58 58 < .01 **. 
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Pooling angles for the two species results in a significant 
correlation between f. weight loss afte-r 5 hours and length. 
Field measurements show that average length of C. 
seabra declines linearly with angle.. Large limpets. 
would be expected on horizontal and intermediate sloped 
surfaces in the field if large animals experience less 
desiccation than small ones on these slopes. However, 
l.aboratory experiments suggest that.there is not a 
Significant difference in f. water loss b_etween large and· 
small £• scabra on 90° angle surfaces. Small limpets 
do not lose less water than large ones on 90° surfaces. 
~us the presence of small £· scabra on vertical surfaces 
in the field may not be explained by desiccation alone. 
There-is no significant relationship between 
l.e.ngth ·of fl. digitalis- and angle of substrate in the 
field. Laboratory experiments show that large £• digitalis 
1ose less water -~han small ones on horizontal and vertical 
surfaces only. Large limpets ·would be expected on 
horizontal and verti.eal surfaces in the field if large 
· animals experience less desiccation than small ones on 
these slopes. This does not explain the presence of large 
C. digitalis on intermediate sloped surfaces in the field. 
It .is concluded that the results of laboratory 
desiccation experiments do- not alone explain the size 
distribution and abundance relationships found between the 
~wo species in the field. Differences in microalgal 
food selection between£. Qigitalis and Q. EE!!.~ 
on different angles of substrate was investigated as 
an explanation for field observations. 
---- -----
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FECAL PELLET ANALYSIS 
Previous scatalogical studies (Moore 1932; Arakawa 
1972) have not related fecal pellets to food resources 
available in the habitat, In this study it was found 
that differences in limpet fecal pellets reflect 
microhabitat differences in flora. ·Observations were 
made on fecal pellets of g. digitalis and g. scabra 
as an estimation of microalgal food selection. It was 
observed that the color of the fecal pellet was the 
same as the color of the microalgae on rock surfaces. 
Limpets from 10.0 to 15.0 mm in length were 
collected from rocks used in the sampling program, 
Limpets were collected at low tide on 6 different days. 
The animals were placed in finger bowls in the lab and 
.covered with fresh sea water for one or two days. There 
was no difference in color or shape betw~en fresh fecal 
pellets and those kept for c:>ne or two days. 
The following colorswere observed for each species: 
white, white-gray, gray, light red, light green, olive 
· green, dark green and dark red. There was more than 
one color in the feces but there 
color. The most_ frequent pellet 
was usually a dominant 
color for c. scabra 
. -
on each rock varied over time for each angle grouping 
(Table 8). The most abundant pellet color for c. 
. . - - -
digitalis varied over time on intermediate surfaces only 
(Table g). The two species never have the same most 
abundant color of the fecal pellets when they occur on the 
same rock. Limpets from different rocks have different 
colored pellets. The color of the fecal pellets was 
analyzed with respect to the angle of the rock .the 
limpets were collected from. This is shown in Table 8 
for Q. scabra and in Table 9 for Q. digitalis. 
c. digitalis has predominantly dark red or green 
-
'J -
'~·~~-
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Table 8 
Results of fecal pellet analysis for .£. scabra from 
. 0 0 0 
rocks at 0-30 , 35-60 , and 65-90 angles. Dominant 
color fecal pellets are listed first, followed by 
second dominant color, etc. Dk = Dark, Lt = Light, 
R =Red, G =Green, W = White, OG = Olive green, 
GG = Gray-Green, WG =White-Gray, GR.= Gray. 
Rock 1 
1. 
2 Dk G 
Dk R 
w 
3 
4 
2 
GG 
Dk R 
Lt. GG 
Dk R 
Days 
3 
w 
Dk G 
w 
R 
Dk G 
Dk G 
WG 
0-30 ° Angles 
4 
w 
Dk R 
Dk G 
OG 
w 
5 
w 
Dk G 
OG 
w 
,_. __ 
.:; 
6 
w 
. -----------
w 
_,_<' 
R C·· 
w 
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Results of fecal pellet analysis for £• digitalis 
from rocks at 0-30°, 35-60°, and 65-90° angles. 
Dominant color fecal pellets are listed first, 
followed by second dominant color, etc. Dk = Dark, 
Lt = Light, R = Red, G = Green, W =White, OG = Olive 
Green, GG "'Gray7"Green, WG =White-Gray, GR =Gray. 
Rock 
1 
2 
3 
4 
l 
Lt G 
w 
2 
OG 
OG 
R 
OG 
w 
w 
Lt R 
OG 
w 
GR 
0-30 ° Angles 
Days . 
3 4 
OG OG 
w w 
OG 
w 
w 
5 
c_ __ :_ ----
6 
OG 
>i ----- _-
-
:3": __ -
- - -
-
~ -- -
"'~="~~= 
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Table 9 
Rock .Days 
l 2 3 4 5 .6 
7 OG OG Dk G OG Dk R . 
w Dk R w OG, W 
6 W, OG w, OG OG Dk R, w 
8 w, Dk R Dk G Dk G, w 
10 Dk R OG, R w, OG . Dk G 
w w .. 
11 Dk R Dk G Dk R Dk G 
-
OG Dk G R, OG 
9 
-
-- - --- -
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pellets on vertical and intermediate surfaces, although -
there may be variations-in the less abundant colors 
(olive green or white). On horizontal surfaces white 
and olive green are the most abundant colors and red 
pellets are less abundant. g. scabra has dark red or 
green and white as the dominant color on vertical 
slopes, and _variable colors (olive green, red, and 
white) on intermediate and horizontal surfaces. 
Samples of algae were taken from the rocks and 
analyzed in the lab to estimate degrees of cover by the 
different colors~ The samples were located at.random on 
grids placed on the rock surface. The results are shown 
in Table 10 where it is indicated that there is a variation 
in color between rocks~ Vertical rocks are mostly red, 
although lighter pigments are present (yellow and green). 
Intermediate and horizontal surfaces are predominantly 
green and yellow with red being less abundant. The rocks 
are dotted with the green algae Codium (Dr. Polan_shek, 
personal communication). 
Algal cover by color was estimated in the field by 
using a .25 m2 quadrat which was partionned into 25, 
10 em squares. 
scored by eye. 
similar to the 
The dominant color in each square was 
The results are shown in Table 11 and are 
results in_ Table 10 except for Rock 14. 
£. digitalis appears to feed on the most abundant 
algae • ingesting ligh·ter colors (white and green) 
on horizontal surfaces and red on vertical slopes. 
£• scabra appears to ingest a variety of algae on 
horizontal and intermediate slopes. £• scabra appears 
to ingest algae having the same red pigment as Q. digitalis 
on vertical slopes. White colored fecal pellets are-
dominant for Q. digitalis on horizontal slopes and dominant 
for g. scabra on vertical slopes~ 
~-
- -
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!!!able 10 
Results of rock samples analyzed in the lab for color. 
~he most dominant c·olor is listed first, etc. 
Angle 
0-30 
35-60 
65-90 
Rocks 
2 
7 
10 
11 
13 
14 
Colors Present in ~ample 
Green, dark green, red-
brown, uodium, yellow 
Green, red, Codium 
Dark green, green, red, Codium • 
Green, yellow 
Red, light green, yellow, Codium 
Red, Green, yel~ow, Codium 
~ 
o~-------~ 
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Table 11 
Percentage Algal cover by color estimated in the field. 
Angle 
0-30 
35-60 
Rock 
2 
3 
6· 
10 
65-90· *13 
14 
Dark 
Green 
39 
20 
20 
8 
13 
9 
f. Color 
Green 
50 
67 
52 
65 
35 
83 
Golden 
Brown 
6 
* Lithothamnium and Coi~llina present on rock 
All rocks have Codium on them 
Red Barnacles 
5 
10 
14 
26 
52 
1 
6 
3 
14 
,--c-- --------
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Algae with red pigments may be the preferred food of 
g. digitalis since the limpets are rare. on surfaces where 
there is no red color. The limpets maintain their large 
size however, by eating the most abundant algae on a 
particular rock surface. g. scabra is able to eat a 
variety of algae on horizontal or intermediate surfaces~ 
On vertical rocks there appears to be competition for 
food. This supports Haven' s findings (Haven 197 3). 
Movement was studied in the two species since the 
amount of movement may be related to distance covered 
when foraging for food. 
k--
t---.. 
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MOVEMENT AND ANGLE OF SUBSTRATE IN FIELD POPULATIONS 
Homing behavior in limpets has been widely discussed 
in the literature (Wells, 1917; Villee and Groody, 1940; 
Hewatt, 1940; Galbraith, 1965; Frank, 1965; Craig, 1968; 
Jessee, 1968; Eaton, 1968; Mi.ller, 1968; Millard, 1968; 
Breen, 1971). Homing is generally defined as the consist-
ent returning to exactly the same location with the.same 
orientation (Eaton, 1968; Craig, 1968; Miller, 1968; 
Millard, 1968; Jessee, 1968). Frank (1965) makes a 
distinction between homing and a home range, or area to 
which limpets return. 
The results of homing studies are varied, Breen 
(1971) states that discrepancies in observations on 
homing of£. digitalis in the literature (Frank, 1965; 
Galbraith, 1965; t~iller, 1968; Millard, 1968) could be 
due to variations in the methods u·sed to study homing. 
It is assumed in most studies that the effect of tagging 
(Frank, 1965), painting (Miller, 1968; Millard, 1968; 
Hewatt, 1940; Villee and Groody, 1940) or filing 
(Wells, 1917) or other methods of marking the experimental 
populations has a negligable effect on the animals. 
Variations in homing methods are not only of interest, but 
also such variables as length of animal (Jessee, 1968), 
time ef tide (Dearnaley, Del Mar, Parr, Popham, 1969), 
duration of the experiment, tidal level (Jessee, 1968; 
White, 1968), population density (Breen, 1971), species, 
substrate type (Villee and Groody, 1940; Hewatt, 1940) 
and angle of slope of substrate (Eaton, 1968). Eaton 
(1968) reports 12 of 13 h· limatula not homing on a 
vertical surface, while 9 of 15 homed on a horizontal 
surface. Homing in ~· digitalis has been generally 
[-'---::____··· 
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studied on vertical surfaces (Frank, 1965; Galbraith, 
1965; Miller, 1968). Villee and Groody (1940) and 
Hewatt (1940) studied homing in g. scabra on 
horizontal surfaces. 
Russell (1907} called attention to the fact that 
there was no agreement among the many observers in re-
gard te the time at which limpets move. Hewatt (1940} 
reported that.specimens of c. scabra between 14.0 and 
30.0 mm move away from their home spots when covered by 
the tide. Specimens less than 14.0 mm in length were 
observed moving during day low tides. White (1968) 
reported moving C. scabra when submerged or amidst-
.-
heavy wave action. Villee. and Groody ( 1940) observed 
no movements of c. digitalis and.Q. scabra at low tide, 
but small members of both species moving during day, 
high tides. Larger .Q. scabra tended to stay in one 
spot during low and high tides. Test (1945) reported 
C. ~gitalis and .Q. scabra moving when the tide is in 
seeking a protected crack or crevice when the tide 
recedes. Galbraith tl965} observed Lottia gigantea 
and .Q. digitalis to remain stationary when dry and 
exposed. Miller (1968} reported moving .Q.• digitalis 
at day and night high tides. This contradicts Breen 
(1971} who reported .Q.. digitalis to be in their 
shelter sites during day, high tides. Miller (1968) 
.observed .Q.. digitalis to be stationary at day and 
night low tides. I have observed .Q. digitalis and C. 
scabra moving during night low tides. 
Observations in this study were made on consecutive 
days at day low tides when limpets were stationary. It 
was not possible to make observations at high tides, 
whether at night or during the day. It is not possible to 
~~-:::-:_;;:~~'2 
1'£: 
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detect those limpets which moved and came back to the 
same spot and those that did not move at. all during the 
period of observation. Thus a distinction could not be 
made between homing and non-homing limpets that move and 
limpets that do not move at all or very little. 
Movement was studied in the same quadrats used for 
the monthly sampling program. Limpets were marked 
without removal from rocks since this seems to disrupt 
their behavior (Breen 1971). A variation of the marking 
method of Frank (1964) was used. Adhesive tape tags, 
5 by 3 mm in dimensions, numbered with India ink, were 
attached to limpets with Dekophane cement, a.nd covered· 
with 2 coats of glue to prevent abrasion of numbers. 
Limpets were tagged by. either marking all snails that 
occurred in a quadrat or by selecting them at random 
on a rock surface. The size distribution of the 
limpets. used was identical for each species. They 
varied from 10.0 to 17.0 mm in length. The 0.25 m2 
quadrat grid was divided into 25, 10 em by 10 em 
squares with nylon cord~ The limpet's position in the 
grid was defined by a number and a letter. For each 
tagged limpet, the following information was obtained: 
position in the grid, orientation, shell corrosion and 
size. 
~he analysis of the data followed that of Breen 
.(1971). He believed that a significant deviation of 
observed migration frequencies from expected Poisson 
migration frequencies would be indicative of homing. 
The fit of data to a Poisson distribution indicates 
that the probability of movement is random, the limpets 
moving independently of each other in any time interval 
irrespective of whether they have moved previously or not. 
Data for .Q• scabra (Table 13) sho.ws that the observed 
~-
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Table 12 
Observed migration frequencies for £• digitalis over 
time in days. The total number of limpets observed, 
sample mean of the observed migration frequencies, and. 
chi square is give~. 
' . 
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Table 13 
Observed migration frequencies for g. scabra over time 
in days. The total number of limpets observed, sample 
mean.of the observed migration frequencies and chi 
square is given. 
Number of 
Migrations 
Number of Days Observed 
3 4 5 0 7 
----
"''"~~-. 
-59-
aigration frequencies do not deviate significantly 
:from an expected Poisson distribution, yet there 
were many limpets found in the same spot. Since there 
is a probability of less than one of movement in any 
~ime interval, it is expected that some limpets do not 
move at all, some move once, some twice, etc., the fre-
quency of the number of moves being a Poisson. It is · 
expected ~hat many limpets do not move at all if the 
probability of movement is low, so that in a·time 
interval, many would not be observed moving. As the 
probabi"iity of moving in some time interval increases, 
~he number of movements in a time interval will be 
greater and the frequency of zeros (the frequency of no 
lii!Ovements) will decrease. I use the sample mean of 
e~bservedmigration frequencies as indicative of the 
amount of movement in a population. The larger the 
sample mean, the more limpets will not .be observed in the 
same position on consecutive low tides. 
The sample mean is graphed against time in days in 
J'ig. 13 for g. digitalis and Q.scabra, The figure 
shows that at any time the. sample mean of £• digitalis 
is greater than the sample mean of C. scabra. For 
£. digitalis, the sample mean increases linearly with 
~ime ( pI.. .001). For C. scabra there is no su·ch. trend 
( .2lpl.4 ). Regression analysis for C, scabra may 
-. -
detect more movement when an increase in sample size 
and time intervals is used, The sample means for each 
species are also plotted against time for 0-30°, 35-60°, 
and 65-90° angles (Fig. 14). The sample mean of£. 
digitalis is less than~£. s::abra on 0-30° angles only. 
!fhe·observedmigration frequency data is summarized with 
respect to 0-30°, 35-60°, and 65-90° ~gles in Table 14 
for Q. digitalis and in Table 15 for£. scabra. The 
sample mean for Q. scabra appears to decrease.with 
angle. The sample mean for Q. digitalis appears to in-
,-, -- -- ----
r-----
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Fig. 13. Sample means of observed migration frequency 
-
distributions plotted against the number of 
days observed. o represents .Q. digitalis, 
o represents g. 'scabra. The regression 
equation for g. digitalis is 
Y = .50X + -.71 
where r = .99 and p (.001, df = 3. 
The regression equation for c. scabra is 
Y = .05X + .21 
where r is .49 and .2 < p < .4, df = 3. 
~--
---------
c_ --
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Mean 
3.0 
2.5 
2.0 
1.5 . 
1.0 
.5 
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1 2 3 4 5 6 
Number of Days 
0 
I 
7 
~--­
~ ,. 
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Fig. 14. Sample means of observed migration frequency 
distributions plotted against number of days---
obser'V"d-for Q;;..30°, 35 ... 60°, and-65...:90° 
angles :for c. scabra and c. dte:itaUs. 
- - - . 
~ t " d" " ,. 0 - t 
... reJJresen s ~· -2£1-~G<:._~, represen s 
C. scabra. 'rhe regression equation for 
~ £• digitalis at 35-60v is 
y = .53X + -.84 
where r = • 98 and p < • 001. The regre,ssion 
equation for£. digitalis at 65-90° is 
Y = .60X + -.89 
where r is .99 and p <.001. The regression 
equation for c. scabra is 
- . 
y = .23X + -.83 
where r is .87 and .05 <p <.01 
,~-------
- -
--- ---
----
------ ---
Sample 
J.~ean 
3.0 
2.0 
1.0 
3.0 
2.0 
. 1.0 
3.0 
2.0 
1.0 
1 2 
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0 
3 4 5 
Number of Days Observed 
0 
6 7 
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~able 14 
Summary of total number of limpets observed, sample 
mean, and chi square of observed migration frequency. 
data over time in days for 0-30, 35-60, 65-90 degree 
angles for.Q. digitalis. 
Angle 
0-30 
35-60 
65-90 
Number of Days 
3 4 5 
2 l 1 
44 48 40 
37 42 24 
.5 0 0 
Observed 
6 7 
44 25 Number of 
10 9 Observed 
Limpets 
0-30 
35-60 
65-90 
.73 1.3 2.0 2.1 3.0 
.89 1.5 2.1 2.9 3.2 
Sample Mean 
0-30 ns-· ns ns 
35-60 ns * ** ns ns Chi square 
65-90 ns * ·* ns ns 
ns not significant 
* .05) p) .025 significant 
** p ( .005 significant 
---- -----
-
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---· 
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. Table 15 
i)umma:cy of total number of limpets observed, sample 
mean and chi square of observed migration frequencies 
over time in days for 0-30, 35-60 and 65-90 degree 
angles for Q. scabra, 
Angle Number of Days Observed 
3 
0-30 50 
35-60 10 
65-90 5 
0-30 .30 
35-60 0 
65-90 .40 
0-30 * 
35-60 ns 
65-90 ns 
ns not significant 
, * .Ol)p) ,005 
** p ( .005 
4 
35 
12 
5 
.06 
0 
0 
** 
ns 
ns 
5 6 
13 20 
12 11 
1 
1.6 .60 
.25 .27 
0 
** 
ns 
ns ns 
ns 
7 
3 Number of Limpets 
Observed 
1.0 Sample Mean 
ns Chi square 
-
-
- . 
,c~---~~ 
. ~ 
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crease with angle. In summary, the results indicate 
that g. digitalis moves more than g. scabra. g. soabra 
is more stationary than g. digitalis because the chance 
that it moves in a time interval is very low.in com-
parison to g. digitalis. 
Orientation was analyzed by a variation of the · 
method used by Miller. (1968). In my experiments the 
orientation of 
in terms of an 
the animal was 
a limpet on.a rock surface was recorded 
eight hour clock toward which the head of 
B 
' 
,. 
Animals with their heads straight up were in the 8 
o'clock position; those with heads straight down 
4 o'clock etc. Data is summed over 10 days of observation. 
~he results of the orientation data is shown in Fig. 15 
and the results for 0-30°, 35-60° and 65-90° angles is 
shovon in Fig. 16. A chi square was calculated comparing 
observed limpet orientation and expected orientation 
assuming equal chance of moving in any direction. The 
results show that g. scabra and g~ digitalis do not 
orient evenly in any direction on rocks at low tide. In 
Fig. 15, g. digitalis is found in downward positions 
3 1 4, 5 and~- scabra in position 1 and 5. This confirms 
Miller's (1968) findings for g. digitalis on vertical· 
rocks(Fig. 16). g. digitalis does not appear to 
orient in this manner on 0-30° angles. g. scabra 
orients downward on 35-60° and 65-90° angles. 
------ -----
~--.-. 
Fig. 15. 
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Percentage of C. di ~:!'i talis and C. scabr13. 
. - -
in a particular clock pesition. Data is 
summed over 10 days of observation. The 
total number of c. d;gitalis observed is 
801, the total number of .£. scabra is 4133. 
£. digitalis 
.£. scabra by 
is repres-ented by 0 
u . ' 
~- --
---
,..-----------~ 
-.v---=--~-'---=-
J---
-
=>--------=-o--o---
-
----
----
~ _,- --
.. '•' 
40.0 
Percentage 
ef 
£. digit-
alis 
and 
20.0 
£. scabra 
x2 
x2 
1 
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= 290.0; p .005 
= 108.3; p .005 
2 3 4 
Clock Positions 
c. dis!talis 
£· scabra 
5 6 7 8 
~ 
- ~ ---~ 
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Fig. 16. Percentage of .Q. digitalis and .Q. ecabra 
in a particular clock position at 0-30°, 
35··60°, 65-·90° angles.· Data is summed over 
10. days of observation. The total number 
of lill!pets and chi square is given f.or 
each species. 
by CJ and .Q. 
Q. digitalis is 
scabra by £ill • 
represented 
-'~ ---
-
-----
50 
25 
50 
35-60°· 
25 
50 
25 
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x2 
= 105.6; p .005; N = 302 c. digitalis 
-
x2 = 83.4 • p • 005; N = 31 .£ • sea bra 
' 
x2 = 95.7; p .005; N = 420 .£• digitalis 
x2 = 70.1; p .005; N = 98 .£. scabra 
x2 = 54.8; p .005; N = 19 g. digitalis 
x2 = 108.9; p .005; N = 386 g. scabra 
1 2 3 4 5 6 7 
Clock Positions 
;;: ______ _ 
l: 
----
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DISCUSSION 
Haven (i971), assumed, but did not test, the hypothesis 
that limpets on horizontal or gently sloping surfaces 
experience greater desiccation than on vertical or 
overhanging rocks because solar radiation hits horizontal 
rocks at a steeper angle .of incidence and is therefore 
· more intense per unit area. The.frequencyand duration 
of shading decreases as. r<>ck slopes become horizOntal. 
Davies (1970) assessed the. effect of orie!titation of 
rock to sunlight on Patella vulgata body temperatures and 
found that animals which received oblique illumination 
on horizontal surfaces had temperatures about 4° C 
lower than those which were perpendicular to the 
sun's rays. Moreover, the heating effect by absorption 
of sunlight was modified by limpet body size, orientation 
of the rock and geological nature of the substrate. For 
example, limpet body temperatures were higher on basalt 
than on sandstone. 
Wolcott (1973) found that air movement effects 
desiccation rates. The use of moving air of constant 
velocity precludes comparison with the data of other 
werkers who have used still.air. Segal and Dehnel (1962) 
state that air desiccation affects blood concentration in 
a manner identical to salinity dehydration. Salinity de-
hydration may be experienced in high tide pools where 
high salinities may be reached. The fact that .Q. scabra 
is commonly found in permanently submerged tide pools 
(Haven, 1971) may not be inconsistent with Raven's origin-
al hypothesis that C. scabra is more resistant to desicca-
tion than Q. digitalis. The duration of drying is also 
an essential factor in desiccation. The desiccation toler~ 
ances of Collisella (Acmaea) are among the highest 
·'. 
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recorded for any animals, including desert amphibians 
(Wolcott, 1973), yet differences -were found in the 
duration of stressful conditions that the limpets 
could survive. Lowerintertidal species, such as 
!:.• scutum and !_. pelta, will not tolerate drying 
conditions for periods in excess of 24 hours. g. digitalis, 
C. scabra and!_. persona under mildly dry conditions 
(18° c, 68% RH, 1.4 m/sec airflow) survive up to 8 days. 
Wolcott (1973) concluded that high temperatures do 
not of themselves limit distributions of the limpets, 
but contribute to desiccation. Seglil(l956), Davies 
(1970), and Hardin (1968) studied the effects of tempera-
ture in limpet species and-habitats, but did not relate 
them to desiccation. The correlation between tempera-
ture and rates of evaporative water loss is yet to be 
made. 
Orton (19~2) showed Patella vulgata to be larger 
at lower habitats and smaller at higher habitats. He 
did not relate this size distribution to desiccation 
effects. Shotwell (1950) assumed desiccation to produce 
a vertical segregation of individuals as well as species 
of limpets in the intertidal. He believed smaller limpets 
are better adapted than large ones to live in the high 
intertidal. Davies (1970) found the rate of water loss 
during desiccation varies inversely with body weight for 
·Patella vulgata and ;r. aspera. He .concluded that desiccation 
is a more severe problem in small limpets and sites this 
as evidence for finding small limpets on lower parts of the 
shore. 
Wolcott (1973) found that size is an important factor 
in intraspecific variation in desiccation rates. Wolcott 
found that desiccation of limpets under constant conditions 
f-----
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on Mylar discs showed no clear relationship between 
size and diffusion-limited desiccation rate, although 
small c. scabra desiccate faster in the field than 
large ones. No data is available :for.£. digitalis. 
Size differences and surface-vo&ume relationships do 
not account i"or observed·interspecific differences in 
desiccation rates (Wolcott, 1973). !_. pelta and!_. 
persona are in the same size range, yet have different ., ,·:.:.o-;J:, 
desiccation rates. Wolcott hypothesizes that .the mucous 
sheet made by limpets, not size· or shape of animal is the 
most important adaptation to desiccation. In my study . 
it was observed that .£• digitalis and.£. scabra made 
mucous sheets. Other authors site shape as an important 
feature of evaporative water loss (Russell 1907;. Orton, 
1929, 1933; Wagge 1952; Moore 1934; Hattan 1938; Davies 
1969). Reasons for greater desiccation resistance in 
certain sizes has been discussed by Abe (1931), Shotwell 
(1950), Segal (1956), and Wolc,ott (1975). The role of 
desiccation in limiting distributions· in the rocky inter-
tidal has yet to be demonstrated. Wolcott (1973), North 
(1954), and Boyle (1970) suggest high mortality due to 
desiccation in smaller size classes. Breen (1972). 
postulates that predation is the important factor in 
limiting the distribution of small limpets. 
!rhe foregoing discussion points to .the fact that a 
number of factors affect dehydration in limpets, in-
cluding temperature, angle, wind conditions, duration of 
exposure, evaporative water loss and salinity de:hydration, 
sunlight conditions, limpet size and species differences 
in susceptibility to drying. Therefore, it is not 
surprising that no clear relation between desiccation 
resistance and distributions of sympatric limpet species 
have been uncovered. To add to this is the probable 
~-----
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technical impossibility of performing suitable experi-
ments involving manipulation of all these factors such 
that their relative contributions to desiccation of 
limpets can be detected using appropriate factorial 
statistical design and analysis. 
·rn my· experiments it was found that although no 
differences in desiccation resistance could be detected in 
a three-way factorial experiment, there was evidence that 
small limpets of both species lose more water than 
larger ones and this varies between the species de-
pending on angle. However, the angles at which the 
smaller limpets were affected did not correlate with the 
observed limpet abundance ratio and angle trends in the 
field. Indeed, Q. scabra tends to be larger at lower 
angles-,-but g. digitalis shsws no such trends. Although 
resistance to desiccation may play a part in accounting 
for this distribution, especially in the upper inter-
tidal ranges, it is clear that other factors may also be 
important, such as food resources. .l.t is likely, that if 
rock angle affects the amount of incident light hitting 
the substrate, this could have significant effects on·the 
species composition and growth rates of the microalgae 
upon which the limpets feed. For example, the micro-
habitat differences of 5 sympatric species of Australian 
abalones have clearly been related to macroscopic algal 
distributions within their habitats (Shepherd l973). 
:Moreover, some abalone feed on the ·same species but in 
different w~ys. Although the microalgae in my study were 
not identified by species, there was a relationship between 
the color.of the limpet feces and the color of the micro-
algae present on the rock. Fecal pellets were used as a 
technique to study food resource partioning. Limpet 
abundance and size appears to be related to the availability 
' c 
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of microalgae on a particular slope of substrate. Diff-
erences in the amount of movement between the two species 
may be related to time and distance traveled in foraging 
for food.. Stimson (1968) found that in laboratory tanks 
~· digitalis grazed for a greater percentage of time than 
.Q. scabra and that in field enclosures, Q. scabra 
grazed less efficiently than Q. digitalis, leaving more 
algae behind• White (1968) showed that Q. scabra from 
+ 6 feet tidal levels have lower metabolic activity and 
larger glycogen stores. than animals from+ 2 feet levels. 
~· scabra may be able to physiologically compensate for 
a lack of mobility which precludes frequent feeding. 
The ratio of. abundances of these· limpets and its 
relation to substrate angle needs to be studied from the 
point of view of competitive interactions with respect to 
food resource partiorling. In the light of previous 
studies (Menge 1972 and others ) and the lack of a 
clearcut relation of substrate angle, species abundance 
ratio and desiccation results, the food resource partioning 
hypothesis is the more likely one to pursue .in more 
detail. This is all the more likely to yield.interesting 
and more controllable experiments in :view of the fact 
that generally these species seem to have tolerances 
to desiccation greatly exceeding environmental stress 
conditions. 
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Fig. A-1-6. Size frequency distributions 
at 15 ° angle increments for 
each study month for .£• scabra. 
Histograms appear in the 
following order: 
0-10 °, 15-25°, 30-40°, 
45-55°, 60-75°, 80-90°. 
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Fig. A-7-12. Size frequency distributions 
at 15 ° angle increments for 
each study month for _g. digitalis. 
Histograms appear in the 
following order: 
0-10°, 15-25°, 30-40°, 45-55°, 
60-70°, 75-90°. 
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